Abstract: As cit ies of deve lopi ng nation s absor b an increasing frac tion of the wor ld's population increase, questions have arisen about the potential for emerging inequalities in health within places that are alrea dy suffering fro m inadequate infrastructure. In this paper we exp lore the pattern of child mortality inequalities (as a prox y for overa ll health levels) within a large subSaharan Afric an city-Accra, Ghana-and then we examine the extent to which exist ing residential patterns by et hnicity may be pred ictive of any observed intra-u rban inequalities in child mortality . We find that the spatial variab ility in child mortality in Accra is especially associated with the pattern of residential separation of the Ga from other ethnic groups, with the Ga having highe r levels of mortality than othe r ethnic groups . Being of Ga ethnicity exposes a woman and her children to characteris tics of the places in Accra where the Ga live, in whic h one-room dwellings and poor infras tructure predominate. At the individua l level , we fin d that regardless of where a woman lives, if she is of Ga et hnicity and/or is non-C hrist ian, and if she is not manied, her risks of having lost a child are elevated.
THE LINK BETWEEN RESIDENTIAL SEGREGATION AND HEALTH
The literature linking ethnic difference s to health and more specifically linking residential segregation to health differences is sparse, but there is an increasing body of evidence that a variety of place-based characteristics may have demonstrable impacts on the health of people in those places, net of their individual-level risk factors. For example, Timaeus and Lush (1995) used Demographic and Health Survey (DHS) data to show that within the same country. women in different urban areas experienced different levels of health. Weich and his associates found that characteristics of the built environment affecled measures of depression in London (Weich et a!., 200 1). Fry et a!' (2002) found that in Asia, children in slums had worse health status indicators than children in nonslums . Rytkonen et a!' (200 I) observed considerable spatial variability in mortality within the city of Oulu, Finland , using the interesting approach of draping a one kilometer grid over the city and measuring death rates within each grid, and then measuring the 528 WEEKS ETAL.
resulting spatial variability, which they attribute to differe nces in the characteristics of different places within the city.
The variety of approac hes that researchers have taken to link place and health led MacIntyre and her associates to review this literature and propose a conceptual framework that might more adequately define exactly what the characteristics of place are that would have an impact on health (Maclntyre et al., 2002 ; MacIntyre and Ellaway, 2(03) . In particular, they noted that "few investigators have aUempted to hypothesize what features of the local social or physical environment might influence health, and then tested these hypotheses" (Maclntyre et al., 2002, p. 129) . Although their work has focused on the west of Scotland, there are presumably certain kinds of characteristics that make some neighborhood s healthier than others, and they suggested an approach that relies on Maslow ' s (198 6 ) hierar chy of human needs. In order of importance as deriv ed by Maslow, these include clean air, clean water, nutritious and non-toxic food, adequate shelter, personal security from harm, hygienic protection, education, healing, housekeeping, work, means of exchange, information, transport, personal relationships, religious activities, participation in other group activities, and play. The ability of a neighborhood to meet these needs of its residents depends upon the society's level of development and wealth, and the geographic distribution of resources within that society. It may be possible to createproxies for these overall effects by measuring the material infrastructure and collective social functioning, but it is important that we aUempt to identify the pathways by which different aspects of place might influence health. This is complicated by the fact that each measure of health status may have a different local pathway, and the relevance of those pathway s may vary by spatial scale. In short, no matter how much we may believe that place affects health, it is not a straightforward task to demonstrate that relationship, and researchers need to lay out their case as carefully as possible.
With those major caveats in mind, we pursue the following major hypotheses as they relate to the impact of ethnic residential patterns on health within Accra: (1) that ethnic intergroup differences may influence the health status of their respective members; and (2) the spatial clustering of ethnic groups (residential segregation) will interact with intergroup differences to exacerbate any observed health differences among groups.
Ethnic intergroup differences can be divided broadly into: (1) the environmental context in which people live, such as the type of housing arrangements and building materials that groups employ; (2) the social en vironment in which people live, including the occupations and thus incomes that different groups see as appropriate for themselves, as well as the extent to which women and children are discriminated against, producing inferior health outcomes for that segment of a group' s membership; and (3) the healthseeking behavior of the group in terms of the use of vaccinations, \Vestern medicine versus traditional healers, and attendance at health clinics and hospitals. All of these cultural practices assume that even when similarly situated economically, some groups may make different choices than other groups and that some choices may serendipitously be associated with betterhealthoutcomes than other choices.
The impact of ethnicit y o n health in sub-Saharan Africa has not been widely examined. Schellenberg et al. (2003) cond ucted a Medline search that produced only 102 articles on inequalities o f health in sub-Saharan Africa compared to 1,151 in the Americas. Importantly, nearly all of the studies of inequality relating to ethnicity referred specifically to South Africa. One of the more relevant of the articles for sub-Saharan Africa is based on data from the Demographic and Health Survey s in the region, showing that differences in child immunization rates vary by ethnicity (Brockerhoff and Hewett, 2000) . Childhood immunizations bear an obvious relationship to survival among children and survival to adulthood, so that is an important finding . Brockerhoff and Hewett found specifically for Ghana that members of the Ashanti ethnic group were more likely to immunize their children than were members of other groups. Lado (1992) has observed that the marginalization of women by some ethnic groups in Africa, particularly in rural areas, may lead to nutritional deficiencies andthus poorer health. Different ethnic groups also have different pattern s of polygyny, which may influence the health of women within those unions compared to women in monogamous unions, although polygynous unions are much less common in urban than in rural areas (Timaeus and Reynar, 1998) .
Inequality among groups is largely expected to have the consequence of lowering one or more group's access to higher status occupations and income, limiting the access to health resources, and potentially forcing people into more densely settled neighborhoods with fewer health amenities. Balk and her associates (Balk et aI., 2003 ) have used Demographic and Health Survey data to show that throughout West Africa the risk of infant deathis closely associated with the education of mothers and access to clean water and toilet facilities. They did not, however, examine these factors in relation to ethnicity. Schellenberg et al. (2003) found a clear pattern in rural Tanzania for the least well-off families to be significantly less likely to seek health care for their ill children, but they did not examine ethnic-specific differences . Note thatit is not necessarily easy to sort out the evidence for cultural differences in health outcomes compared to the effect of income inequality.
The most egregious form of inequalit y is that which imposed upon a group through discriminatory practices, but there is little evidence of this among Black African ethnic groups. The literature on discrimination as it affects health tends to focus on discrimination against Blacks in the United States, South Africa, and the United Kingdom (Acevedo-Garcia and Lochner, 2003) . By implication, most otber patterns of residential segregation may be due more to self-segregation than to forced segregation. Having said this, however, it is important to remember that the history of a city such as Accra is marked by a relatively formal colonial pattern of segregation of Europeans from Africans, existing alongside the self-separation of different groups from each other (Gugler and Flanagan, 1978; Parker, 2000) . Even after independence these patterns have remained, despite not being enforced in any official way.
Very little attention has been paid to the social, economic, and health consequences of residential segregation by ethnic group outside of the richer nations, with the notable exception of Apartheid in South Africa (e.g., Benatar, 1988) . It has of course been wellstudied in the United States, focusing especially on the residential patterns of Blacks compared to Whites (Farley, 1970 (Farley, , 1976 (Farley, , 1984 Clark, 1991; Massey and Denton, 1993; Farley and Frey, 1994; Allen and Turner, 1996; Farley et aI., 2000; Emerson et a!., 200 1) , but extended to Hispanics and Asian groups, as well (Allen and Turner, 1996; Logan et aI., 2002) . Outside the United States (and outside of South Africa), residential segregation has received the greatest attention in Europe, and especially within the United Kingdom, largely with respect to the enclaves of immigrants from developing societies (Peach et a!., 1981; Van Kempen and Van Weesep, 1998 ; Leloup, 1999; Musterd and Deurloo, 2002; Veldboer et aI., 2002) .
In sub-Saharan Africa the most relevant cultural traits tbat migb t differentiate people socially, economically, and residentially, are related to ethnicity, often hnked to mother tongue, which also influences religious preference and even the likelihood of migrating within Africa (Anarfi, 1993 ; Bloom, 1998; Forrest, 2004) . Within the literature on ethnic group differences in sub-Saharan Africa, two theme s seem to dominate : (1 ) difference s have often led to inter-ethnic violence; and (2) ethnic differenc es are viewed largely from a rural perspecti ve becau se it is there that cultural identities appear to be stronges t. To date, there has been almost no research conducted on the impact of ethnic differences within urban areas of sub-Saharan Africa. Only in the Republic of South Africa has there been attention paid to the issue of residential segregation (Benatar, 1988) , but the re the concern has been Black-White differenc es and there has been little atten tion, at least in the literature, to disparities amon g Black ethnic groups. The major research ques tions have focu sed on the colonial policies o f segregating Europeans from others, rather than on differentiation among indi genou s groups.
Ethnicity within cities takes on special relev ance, however, because it is largely in the cities that different ethnic groups interact in an environment in which inter-group rivalry is con strained by the social structure-cities could not survive if groups did not dampen any inherent animo sity that might ex is t. That doe s not mean, however, that ethn icity is not important; o nly that its importance may be more subtle than it wo uld be in rural areas. In mo st sub-Saharan A frican countries, some ethnic groups are economi cally, culturally , and politically mor e influ ential than others, and to the extent that thi s is true , the result may be to produce patterns of residential segregation or separa tion by ethnic grou p tha t may, in turn, lead to disparities in health levels as a result of differ ential access to income, healthy en vironments, and health facilities.
In this study there are four major questions that we wi sh to answer, derived from the major hypothe ses listed above: ( I) What is the spatial pattern of health inequalities within the city of Accr a? (2 ) What is the pattern of residential segregatio n or se paratio n among ethnic groups in Accra? (3) Is the spatial pattern of residential separation predictive of spatial disparities in health? If so, (4) what are the differences among ethni c groups that seem to account for the health inequ alitie s?
DATA AND METH ODS

Study Site
Accra has been the capital of Gh ana since 1877, and its hi story dates back to the late 15th century when the Portuguese built a small fort on the site (Ro bertson, 1984) . For nearly 200 years the Euro pe ans tended to stay on the coa st and the Afri cans were inland . How ever, in the late 17th century the Ga peopl e relocated to Accra following a violent conflict with the Akwamu pe ople (Akan ethnic group), who were reportedly jealous of the wealth ge nerated by the Ga in their role as intermediaries betw een the Europeans and other African groups in the lucrative trade in gold and slaves-coco a was not introduced into the area until the late 19th century (Acquah , 1958) . Th e Ga had been headquartered at Ayawaso, which is now part of the Greater Accra Metr opolitan Area, but the battle with the Akwamu sent them to the coast, where they hav e rem ained since (Parker , 2000) . The Dutch, Danes, Swed es, and British all replaced the Portu guese as the European power s in the area, but it was the British who, by the late 19th century , had the strongest hold on the area. The British at that time attacked the Ashanti capital in Kumasi and declared the area (then known as the Gold Coast) to be a crown colony and moved the capital to Accra.
The original parts of the city owe nominal allegiance to the more important European colonizers-Christian sborg Castle which the Dane s had built, Ushertown where the Dutch had presided, and Jamestown where the British presided . Twenty-first century Greater Accra is a sprawling urban area of nearly two million people and the neighborhoods reflect multipl e strands of history, including: (I) British-imposed residential segregation by race until 1923 ; (2) the development of elite areas populated lar gely by Europeans ; (3) parts of the city such as "New Town" that have been reception areas for migrants into the metropolis; and (4) the general lack of an urban plan, leading to wide disparities in neighborhood formality and infrastructure.
Data
The data for our analysis come from two sources. The first set of data is from an anonymized 10% random sample of individual-level cen sus returns from the 2000 Census of Populati on and Housing for Accra. These data are comparable to the Public Use Microdata Sample (PUMS) data from the U.S. Censuses of Population and Housing. The sample was created for us by Ghana Stati stical Servic e for the Greater Accra Metropolitan Area . For each of the 1,724 enumeration areas (EAs) within Accra, a 10% sample of all records was chosen, resulting in a self-weighted sample for each EA . Because of the relatively small number of case s per EA (a fun ction of the small geographic size of many EAs), we will aggregate the data at the next highest level of administrative boundaries known as localiti es, of which there are 43 in Accra. We will use these data to create measures of ethnic segregation within Accra, and to create a measure of child mortality.
Our second source of data is from the Ghana Demographic and Health Surveys (DHS), conducted in 1998 and 2003, thus bracketing the census year of 2000 . The depth and breadth of the DHS provide a wide range of data, but with the disadvantage that the sample size for Accra is fairly small, thus limiting the extent to which we can analyze those data spatially. Thus, we use the census data to provide the detailed geographic coverage, employing as ourdependent variable the only health-related variable (referring to child survival) that is contained within the census data. But we will use the DHS data especially to provid e details about the health of childr en among different ethnic groups within Accra.
Our dependent variable of interest is health (morbidity), which can obviously be measured in multipleways, butwe are limited in this analysis to whatcan be derived from the census data. The most extreme measure of health and well-being is death (mortalit y) and, in fact, mortality rates are the single most common measures of morbidity because there tend to be more and better data on mortality than on morbidity (Weeks, 2005) . Since morbidity and mortality are highly intercorrelated, the variability in mortality rate s should closely track overall morbidity level s in a popul ation. Furthermore, the most sensitive aspects of mortality are those occurring at the younger ages, and the under-five mortality is a commonl y used index of overall mortali ty (and thus morbidity) levels in a population. The proportion of children dying before reaching age five closely tracks the overall life expectancy in most populations (Coale and Demeny, 1983; INDEPTH Network, 2004) and is indicative of the overall level of well-being of children . This proportion is typically referred to as Q5, which is short-hand for sqo, the probability of dying between birth and exact age five.
The calculation of under-five mortality technically requires a complete reproductive history of women, such as those collected in the Demographic and Health Surveys. However, the human regularities associatedwith patterns of death allow us to make reasonable inferences about this probability from the two questions asked on the census about (1) children ever bornto a woman and (2) the number of those children who are still surviving. These two questions do not directly allow us know what fraction of children born died before reaching age 5, but the work of William Brass (e.g., Brass, 1971) and his successors has demonstrated that empirically the ratio of children dead to children born to woman aged 30-34 is a very close approximation to under-five mortality (Popoff and Judson, 2004) . The principal caveat in interpreting these rates is that the time reference is somewhat uncertain, because some of the deaths may have occurredmore than 15 years ago if a woman now aged 30-34 was married at a young age. This can be a problem if the concern is capturing recent changes in morbidity and mortality. but OUf interest is in comparing rates in different places at the same point in time, so this should be less of a concern for us than might otherwise be the case.
Our anonymized census sample file contains data for 6,905 women aged 30-34 in 2000 (representing a total of 69,050 such women), of whom 5,655 had given birth to at least one child . For Accra overall, these data suggest an under-five mortality for boys of 154 deaths by age five per 1,000 live births, and for girls the rate is 148 per 1,000. These rates are somewhat higher than data for Ghana obtained in the 1998 Demographic and Health Survey, even when looking at the time reference from that survey of 10-14 years prior to the survey (Ghana Statistical Service and Macro International Inc., 1999) . At the same time, we can note that the Demographic and Health Surveys have generated lower estimates of mortality than the Demographic Surveillance System site in Navrongo, Ghana (INDEPTH Network, 2004) , so it is not certain that the DHS levels are underreporting levels of mortality in Ghana, but that is at least possible.
We have plugged the under-five mortality rates into model life tables for West Africa, as calculated by the INDEPTH Network (2004), to yield life expectancies at birth in Accra of 55 years for females and 52 for males . These levels are slightly lower than those reported by the United Nations Population Division for Ghana (United Nations Population Division, 2005), but the likely explanation is that the United Nations is heavily dependent upon the Demographic and Health Surveys for its estimates.
Inorder to disentangle the effects of ethnicity and place of residence (in terms of residential segregation) on child mortality, we need data not only at the neighborhood level, but also at the level of the individual woman. However, since a woman with one child dead may be more likely to have another child die, we can control for this type of autocorrelation by dichotomizing the variable into whetheror not a woman aged 30-34 who has had a child born alive has then had one or more of those children die as of the census date. Of the 5,655 women aged 30-34 who had given birth to at least one child, 28% had lost at least one of those children by the time of the census. Our dependent variable at the neighborhood level reflects this same calculation, and is the proportion of mothers aged The key predictor variables of interest are (I ) neighborhood of residences, (2) ethnicity pe r se, and then (3) more specifically the pattern of residential segregation or separation by ethnicity. The concept of neighborhood is not well defined in the literature and most researchers face the same situation as do we with respect to Accra: Data are collected in the census for predetermined administrative units and they necessarily form the primary building blocks of any definition of neighborhood. The basic unit of analysis in the 2000 census of Ghana is the enumeration area (EA), of which there are 1,724 within Accra. However, the EAs are small enough geographically that some of themhave few or even no women aged 30-34. For this reason, we moved up one administrative level, to the locality, for our analysis. There are 43 localities within Accra and enough women aged 30-34 in each locality to have sufficient statistical power for the intended spatial analysis.
With respect to ethnicity, the population of Accra incorporates members of all of the major ethnic groups in Ghana, and Table 1 shows the census categorizations available to us. The largest group, accounting for 38.6% of the population, is the Akan, a grouping that includes Ashanti and Panti, as well as Akuapim, Akyem, and Kwahu. The second most important group numerically are the Ga-Adangbe, which includes the Ga and the Adangbe-people of the Accra plains. They account for 26.1% of the total population. Thus, the Akan (largely Ashanti) and the Ga-Adangbe (largely Ga) account for two-thirds of all Accra residents. Historically, the ancient kingdom of Ghana was in the central part of the area comprising themodern country, andthe coastalarea now occupied by Accra was only sparsely inhabited until about the time that Europeans began to explore and exploit the area. However, the Ga were the first to move there, as noted above, and for that reason were able to establish some of the earliest and still prevalent residential patterns.
The Ewe are the third most popu lous group. They are largely from the southeastern part of Ghana, between Accra and the border with Togo. The fourth most numerous group is the Mole-Dagbani, also known as Dagomba, They originate in the northern part of Ghana (and into Burkina Faso) and are heavily influenced by Islam. The Guan are from WEE KS ET AL. the northeastern part of the country, but are generally not Muslim . Among the less populous groups, the Gunna and Grus i have their origi ns in the northern part of Gha na, while the Mande represent a diverse west African ethnic group.
Our interest is not only in ethn icity, but also in the effect of resident ial segregation by ethnic group. We want to know if being embedded withi n a residen tiall y segregated neighborhood has an impact on health. Since there is little evidence of forced segregation by eth nicity within Accra , the segregation is perhaps more co mparable to an enclave effect. We know that in some instances, such as among Hispanic immigrants in the United States, residence in an ethnic enclave may co nfer so me pos itive benefits for reproductive health (Weeks et al., 1999; LeClere and Sen, 200 1; Peak and Week s, 2002 ) , but the effec t may well be negative for the local population . Thus, we will examine global measures o f residential segrega tion amo ng ethnic groups, and we will examine patterns at the neighborhood levels, as well as at the individual level where we will use the percentage o f a woman 's o wn ethnic group within her EA of resid ence as a measure of her residence within an enclave.
As a global measure of residential segregation we use Wong ' s (2003 Wong ' s ( , 2004 ) spatial index of dissimilarity, D(s), which is defined as :
Where D is the widel y used non-spatial index of dissimilarity and
». j where is the length of the shared bound ary betwee n area l units i and i. and IZi -Zjl is the difference in the proportion in the group in questio n betwee n areal units i and j , and where PI A i is the perim eter-area ratio for areal unit i , and MAX (PIA) is the maximum perimeter-area ratio amo ng all areal units in the study. D(s ) compares two groups at a time, but Wong has produced a multi-group index (5) tha t is based on the overlay o f the standard dev iational ellipses calc ulated for each group. where , as with D, a is the group of interest (e.g, the Akan) and b is the comparison group (e.g., the Ga), and we are summing over all localities (the geographic units serving as proxie s for neighborhood s). The LQ has a minimum value of zero, indic ating the complete absence of group a relativ e to group b, and values betwe en zero and one indicate fewer of group a than expected given the spatial distributi on of group b (so-called "cold spots") . A value of I indicates parity betw een the two group s, and anything above I indicate s more of gro up a than expected ("hot spots"). Since low values can go no lower than 0, whereas high values have no theoretical limit, it is common to transform the location quotient s logarithmically if the distributi on is skewed (O' Donoghue and Gleave, 2004 ) .
However, in Accra the values were not high enough abo ve one to be sufficiently skew ed to induce us to introduce the logarithmic transformation.
RESULTS
What Is the Spatial Pattern of Child Mortality Inequalitie s Within the City of Accra ?
The first question that we ask is whether there is, in fact, any spatial varia bility in health within Accrathat merits further attention andconsideration. Ourmeasure of health refers to child mortality but, as discu ssed abov e, the literature suggests a close connection between childhood mortality and the broader health context of an area. Figure I shows the spatial variability in under-five mortality , measured as the proportion of women aged 30-34 in each locality that had lost at least one child by that age. This proporti on rang es from .13 (associated with a little more than 10% of childr en dying by age five) to .346 (associ ated with more than 30% of child ren dyin g before their fifth birthday). There is obvious spatial variability in this index of mortality/well-being, with highe r proportions 
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of children lost being particularly noticeable in the southern parts of Accra near tbe coastline. The existence of spatial autocorrelation is confirmed by the value of Moran' s I at a critical distance of 1500 meters, which is .67 with a normalized z-score of3.34, indicating a statisticaIIy significant level of spatial autocorrelation. Using the G* statistic as a measure of local spatial autocorrelation. we have identified those areas in Accra that are "hot spots" with respect to child mortality. As can be seen in Figure 2 , these include the older part of Accra near Ushertown and central Accra and also around Nima. These are areas that are popularl y known in Accra to be slums and thus places where we would anticipate that health levels would be sub-normal.
What Is the Spatial Pattern ofResidential Segregation ?
There is variabil ity in child mortality levels within Accra and this variability is not spatially random, but is clustered in specific par ts of the city. If there is a corre lation with residential segregation, then we expect to sec the same spatial variability in that characteristic. First, howe ver, we must establish that there is a global pattern of residential segregation, based on Wong's spatial index of dissimilarity. The results are shown in Tab le 2, where it can be seen that the overa ll multi-group level of segregation is relatively modest at .19, which would normally be interpreted as meaning that 19% of the population would have to move within Accra in order to elimin ate residential segregation.
However, it can also be seen that some groups are more segregated than others. Of the comparisons in Table 2 , the top three values of segregation all involve the Ga, who are concentrated residentially in the older part of Accra near the original port area, and in general are along the coastline, rather than inland. 
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Since the large st ethnic group s are the Akan and Ga, accounting for about two-thirds of all Accra residents (Table I ), we will focus attention on the spatial pattern of segregation between these two groups, and between them and all other groups. The data in Table  2 show that the spatial index of dissimilarity between the Ak an and Ga is .27, suggesting that even after takin g neighborhood adjacency into account, 27 % of the Akan or Ga people would have to mov e in order to eliminate the spatial mismatch in residency between the two group s. The spatial index of dissimilarity betwe en the Ga and all other non-Akan groups is .3 1.
We used the locati on quotient as a local index ofresidential segregation of the Ga from the Akan , and the Ga from other groups . There is spatial variability with respect to the segregation of Ga from the Akan and also of Ga from all other non -Akan groups, evidenced by the Moran' s Iof .79, with a normali zed Z(f) of 4. 19. Not surprisingly, given the way that the location quotient is calculated, the pattern is very similar to the simple proportion of the population that is of Ga ethnicity, and Figure 3 shows the spatial pattern of residence of the Ga population . In particular, the Ga dominate areas along the coast , whereas the Akan are inland to the we st, and non-Akan, non-Ga groups are concentrated inland to the east.
The residential pattern of ethnic groups in Accra is distincti ve largel y for the way in which the Ga are conc entrated along the coastal part of the city. Virtu ally every measure of segregation/separation produces the same conclusion that the Ga are spatially distinct from other group s. Th e Akan are also spatially separate from the Ga and other group s, but not to the same extent as the Ga. It is probably most accurate to represent these patterns less as residential segregation per se, which carries the imputation of deliberate discrimination, but rather the separation of group s one from another. the flip side of which repr esents concentrations of specific groups within identified geographic region s of the city.
Are Ethnic Concentrations Predictive of Child Mortali ty ?
There is spatial variability in child mortality within Accra , the hot spots of which are especially in Ushertown, central Accra, and Nima. The first two of these, although not the third, are areas in which a high percentage of the population is of Ga ethnicity, There is also a clearpatternof residential separation in which an important characteristic is a concentration of Ga along the coastal parts of Accra. The correlation coefficie nt of r = .346 between child mortality and the proportion Ga is a clear indicator of the overlap of these spatial patterns. A greater preponderance of Ga in a neighborhood is associated with higher child mortality. This is consistent with the overall levels of under-five mortality by major ethnic group, as can be seen in Table 3 , which includes data for both Q5 and the proportion of women aged 30-34 who have lost at least one child. The Ga have the highest overall rates of under-five mortality, while the Akan and Ewe have the lo west level s.
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The overlap of ethnic concentration and child mortality is somewhat higher than would he sugges ted by the correlation coefficient shown above, This is especially apparent if we look at the extremes of both phenomena. Among ethnic groups, the Akan and Ga hath have one or more localities in which they represent the majority of the population, One of the localities with the lowest proportion of woman having lost a child (by inference the "healthiest" places) exactly o verlap one of the localities with more than 50% of its population being of Ga ethnicity, This is Danso man, in the western part of Accra , in the neighborhoo d where there are several contiguo us localities with a majority of the population being of Akan ethnicity, as shown in Figure 4 . The other area sharing the honor of the lowest child mortality is Roman Ridge, which has a near majority of Akan (47%), but not quite a majority.
At the other extreme, Figure 3 shows that the localities with a majority Ga populat ion are along the coast and comprise the localities of James To wn, Us her Town , Accra
Central, Osu, and Labadi . None of these neighhorhoods has the highest level of child mortality but it can he seen that the localities that do carry that honor-South Lahadi, Asylum Down, and Korle Dudor/Agbogh loshie-are all contiguous to localities in which the majority of the population is Ga. We interpret this to mean that there is something cle arly spatial abo ut the patte rn of high child mor tality that is related to , but also transcends, Ga ethnicity . This is reinforced by the fact that one of the areas that fell within a cluster of high child mortality (Fig, 3) is Nima, which is diverse ethnically, but is the only locality within Accra in which a majority of the population is Muslim. As we will show below , being non-Christian is also a risk factor for high chil d mortality in Accra.
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Can Differences Am ong Ethnic Groups Explain Child Mortality Differentials ?
It is almos t axiomatic in the health literature that poverty prom otes poor health and prosperity promotes improved health. Thus, any spatial and/or ethnic inequalities that we have observed may be explainable in terms o f differing socioeconomic levels. We have a relatively limited range of variables in the census with which we can gauge levels of economic well-being. These includ e charact eristics of housing, which provide proxy measures of the economic well-being of household member s, and human capital variables such as educational andemployment characteristics that provide proxy measures of a person's access to soc ietal resources.
Ethnic differences in several measures of socioeconomic status are shown in Table 4 , wiIh the highest proportions in each category shown in bold type. These characteristics are based specifically on the microdata sample of women aged 30-34, so that there is no confounding of correlations from different data. Nearly all household s in Accra lack a private toilet, but the Ga are more likely Ihan the Akan or other groups combined not to have a toilet, whereas the Akan are more likely to have a toilet. There are public toilets through out the city Ihat are used by large portion s of the popul ation. The majority of dwelling units also lack piped water, but Ihe Ga are not much less likely than others to lack piped water, although they are slightly worse off in this regard than the Akan. The Ga are more likely than other groups to be living rent-fre e. This means that they neither o wn nor rent the dwelling, but are either squatting or, more o ften, livin g in a home owned communally by the tribe of which they are a member. A large proportion of dwelling units in Accra have only one room . This is shared by all household members for sleeping and other activities. Cooking is usually done outside, and as noted above mo st dwellin g units do not have a bathroom . The Ga are slightly more likely than the Akan and oIher groups to be in a one-room dwelling.
A majority of Ga womenlive in a compound which may be comprised of two or more one-room dwelling units. Among the Ga this may be especially associated with polygny, since the Ga women are more likely than the Akan, in particular, to have co-wives. Illiteracy is higher among the Ga wom en than among the Akan, but other groups in Accra Enume ration Are a mirror the Ga in having about one in four women aged 30-34 who are illiterate. Most women in Accra arc not employed in higher statusoccupations, but there appear to be no discernible ethnic differences in this regard. Finally, it can be seen in Table 4 that the Ga women are clearly less likely to be married than are members of other ethnic groups. Thus , they are more likely to have borne their children outside of wedlock with the potential for a weakerresource base as a consequence. We can conclude that at least some of the disadvantage that Ga women have in terms of the health of their children may well be related to a more disadvantaged set of socioeconomic circumstances than found among otherethnic groups, especially in comparison to the Akan . All of these variabl es are put together in a logistic regre ssion, shown in Table  5 , to see if they account for the observed ethni c differences in child mortality. The first model includes Ga ethnicity andevaluates it in comparison to having no toilet, having no piped water, living rent-free, living in a one-room dwelling, and living in a compound.
The results in Model I show that only two variabl es, Ga ethnicity and no piped water, are statistically significant predictors of a woman aged [30] [31] [32] [33] [34] having lost at least one child, at least at the .05 level of significance. Of these two, only Ga ethni city is in the expected direction. Count erintuitivcly , the results suggest thatthose with no piped waterhave better health outcomes, at least when all of the other variables in the equation arc taken into account.
If we are willing to accept a slightly more liberal .10 level of significance, we are able to conclude that having no toilet, living in one room, and living in a compound are all predi ctive of a higher risk of losing a child. Noteworthy, however, is that these variables do not explain away Ga ethni city , Being Ga is still a predictor of losing a child , even when this set of socioeconomic indicators is taken into account.
The second model in Tabl e 5 adds the social capi tal variables of being illiterate, not having a high occupational status job, and not being marri ed. lll iteracy and not being enclave . Not being Christian emer ges as the most import ant predictor of losing a child in the model and seems to account for the illiteracy factor, suggesti ng that the illiterate women who are at risk of losing a child are especially likely to be non-Christian. The percent Ga in the neighborhood in a which a woman lives is one of several indicators of ethnic residential separation and concentration that we examined. No ne of them was statistically significant as a predictor of child mortality , but of them all the percentage Ga in the neighb orhood had the highe st beta coefficient. This result is not too surpris ing giv en the discussion above regardin g Figure 4 , in that it was seen that bein g close to a high-percentage Ga neighborhood, rather than directly in it, seemed to be associated with high child mortality, at least at the aggregate level.
Of these variables, religi on-defined as being Christian or not-em erges as a statis tically significant complement to Ga ethnicity as a predictor of child mortality. lt is a complement in the sense that none of the socioeconomic status variables dampens the relationship between Ga ethnicit y and child mortality, but both Ga ethnicity and Christian religious affiliation are independently predictive of child mortality . Being Ga increases the level of child mortality at the same time that being non-Christian increases the level. Although the Ga are predominantly Christian (88%), the data suggest that the highest child mortality is experienced by those Ga who are not Christian. Being non-Ga and 0 00-Christian is also associated with elevated levels of child mortality, as shown in Table 6 .
What Is It About Being Ga and/or Non-Christian that Heightens the Risk of Child Mo rtality ?
The data in Tables 5 and 6 suggest that being Ga and/or non-Christian increases the risk of having a child die. Why is that ? To answer this question we turn to the 1998 and 2003 Ghana Demographic and Health Survey (GDHS), where questions were asked relating espec ially to immuniz ations and the health status of currentl y living children that might provide clues about the deaths of their siblings. The sample size for the GDHS is too small to make co mparisons on the basis o f religi on, but we can co mpare the major ethnic groups with one another. In orderto achieve a sufficiently large sample size for OUf 
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comparisons, we pooled the data for Accra from the 1998 and 2003 surveys. The surveys had identical multistage probability cluster designs and asked identic al questions, and we make the assumption that any bias that might exist in the five-year span between surveys would have been similar for all ethnic groups. We look first at the anthropometric measure o f weight for height. A value that is beyond two standard deviation units below the reference median is considered to be evidence of nutritional deficiencie s. The data in Table 7 show tbat 6.0% of Ga children under the age of five fall into this category, compared to 4.9 % of Akan children and 2.6% of children of other ethnic groups. The difference between tbe Ga and Akan is in the expected direction, but is not large enough to be statistically significant, whereas the difference between the Ga and others is significant. Thus, we can conclude that one contributing factor to a incide nce of child mortality among Ga children might be a tendency toward insuffici ent nutrition.
Most children in Ac cra are immunized against tuberculosis (with the BeG vaccin e) , DPT (diphtheria, pertu ssis, and tetanu s), polio , and mea sles. Each mother normally maintains a card on which the date of each vacci nation is recorded, but the GDHS interviewers probed for additional information in the event of missing data o n the card. Based on the card data and mother s' responses, the data suggest that 35 % ofGa children under age five in Accra have rece ived less than all of the vaccinations that would be expected. A mong the Akan , the percent not having full immun ization was 22 %, whereas it was 33% among otber ethnic groups comb ined. As with the weight for beight mea sure, the Ga chi ldren are at a disadvantage when it come s to immunizatio n from common childhood diseases.
We also looked at two measure s of health that are available within the GDHS-the incidence of diarrhea and/or fever any time during the two weeks prior to the interview.
Ga children were significantly more likely to have had diarrhea than were Akan children or children of other ethnic groups . This would be consistent with substandard nutritional levels. Ga children were not more likely than Akan children to have had a fever in the prior two weeks. The Ga percentage was higher than for other ethnic group s, but the difference was not statistically significant. Throughout equatorial A frica fevers are commonly asso ciated with malaria, but there was no difference among groups in their usc o f bed nets, either treated or untreated (data not shown). Similarly, even though Ga children were more likely than other s to have diarrhea, they were as equally likely to have been treated medically as were children of other ethnic groups. Equally likely, however, is a relative term, andonly about 15%of children received medical treatment for diarrhea and about half received medical treatment for their fever.
DISCUSSION AND CONCLUSION
We have shown that there is spatial variability in health level s in Accra , with areas nearthe coast and , in particular, in the older central part of town experiencing the highest rates of child mortality. It is in these areas thatthere arestatistically significant clusters of neighb orhood s with abo ve-average child mortality . We also found that there is an ov erall modest level of residential segregation by ethnic groupin Accra, but most notable arethe spatial concentrations of the Ga along the coastal area, and the Akan in the we stern part of the city. This pattern seems not coincidentally to be associated with child mortality because the areas with the lowest child mortality are neighborhoods dominated by the Akan, whereas areas with the highest child mortality are contiguous to, if not exactly the sarne as, neighborhoods dominated demographically by the Ga. A further nuance on the analysis was the finding that the one area with a majority Muslim populati on is also part of the cluster of high child mortality neighborhoods. Thi s is consistent with the findings from OUf logistic regression analysis that being Ga and/or being non-Christian put women at increased risk of losing a child .
We have only a limited ability to evaluate why difference s exist among groups in terms of child mortality . Data on currently living children from the Ghana Demographic and Health Surveys suggest that Ga children are less likely to be fully immunized , and are less well fed, with the latter possibly being associated with their higher incidence of diarrhea among children. To the extent that child morbidity tracks child mortality (and we believe that they track closely), and to the extent that Ga ethni city is the single most important predict or of elevated risks o f child death in Accra, then we can conclude that areas in the Ga part of Accra are those places in which children' s health is most at risk, and areas in the predominantly Akan part of the city are where health is least at risk.
An unexpected finding from OUf research is the general lack o f influence of water and sanitation o n health levels. It is commonplace to assume that the worst health will be found in places without piped water, toil ets or sew erage , and vice versa. In Accra, this pattern does not generally hold, and the anomaly is probably an artifact of the unplanned and haphazard way in which Accra has developed (Yankson et aI., in press ). Many areas of the city lack piped water and sanitation. Indeed, of the 43 localities in Accra, only one (Roman Ridge) has more than half of its homes attached to a sewer system. It is a wealthy suburban area that is predictably characterized by low levels of child mortality. Only five localities have at least two-thirds of the houses connected to piped water and none of these has more than three-fourths of the houses so connected . Of these fiv e, three have low levels of mortality (Roman Ridge, Dansoman , and Kaneshie), whereas two have high mortality (Asylum Down and Abelenkpe). Only two of these localities are adjacent to one another (Roman Ridge and Abelenkpe) and yet those two adjacent localities have markedly different levels of child mortality.
The scatter-shot pattern of infrastructure is a con sequence of lack of planning in the era since independence during which Accra has increased dramatically in population . At independence in 1957 Accra had fewer than 250,000 residents, but by the 2000 census that had mushroomed to 1.6 mi llion . "A Master Plan of Accra wa s produced in 1958, but it wa s not fully implemented. Schem es were prepared for pockets of land, resulting in a series of disconnected plan s which fra gmented the ord erly dev elopmen t of the cit y. Acc ra ha s no coherent , consistent spatial development strategy" (Yankson et aI., in press, p . 8) . A con sequence of this chaotic pattern of development is a more difficult than usual to understand pattern of variability in health levels.
One cultural factor that seem s to put the Ga at high risk with respect to hea lth is the attachment to the cultural, religio us and spiritual significance of "Old Ac cra" where buildings are dilapidated, sanitation is poor, and cong estion is high (Pellow , 2002) . The olde r parts of Acc ra in which many Ga live are not the place s where infrastructure upgrades hav e nece ssarily taken place over the 300 year history of the city . Thi s is aggravated by what Pellow (2002) notes is a long-standing tradition among the Ga of separating them selves from strangers or foreigners. Sinc e the Ga peopl e are essentially from Accra, they do not migrate in from other place s, which would give them greater spatial variability. Rather, they tend to grow up and stay in their tradition al urban area within Accra, which happ en s to be the old est part of the city. Thus, in an almost classic exampl e from geog raphy, the Ga attachment to plac e put s them in the path of poorer infrastructure and high er mortality, and may also limit their social mobility and their ability to improve themselves socioeconomically. In this way, the spatial concentration of the Ga may exacerbate the already existing ethn ic differen ces, espec ially between the Ga and the Akan.
It must be kept in mind that although the Ga ha ve a high er child mortalit y rate than other groups, they nonetheless account for only one in three women who have had a child die before reaching age five. The disjointed development of Accra has created a situation in which spa tial variability exists in almost all aspects of life, but the pattern s are less predic tab le spatially than in cities of more developed nations. Our findin gs sugges t that more intensive qualitative as well as quantitative workwithinspecific neighborhoods will be nece ssary to better understand why he alth levels vary so as they do throu ghou t the city.
